1. Introduction
===============

Thalassemia is a genetic disease with an autosomal recessive inheritance pattern in which the generation of one or more hemoglobin chains have been dropped or completely inhibited. Patients with thalassemia major need regular monthly blood transfusions starting at an age of approximately 6 months to maintain oxygen supply to tissues due to severe anemia. Followed by ineffective hematopoiesis, patients with thalassemia often have high iron absorption from the gastrointestinal tract, and despite iron overload, continue to have a greater intestinal absorption. On the other hand, regular blood transfusions cause iron overload in patient's organs. Through the formation of free radicals and lipid peroxidation, iron overload causes damage to transferrin receptors on the cell surface and some cellular organelles, which disrupts their tolerance and viability, compared to non-organic iron. When levels of total body iron reach 40 g, the function of body organs are disrupted, and at the level of 60 g or more, irreversible heart failure occurs. The major cause of mortality and morbidity in these patients is iron overload in parenchymal tissues. Most patients with thalassemia major will die between ages 16 and 24 due to iron overload, and almost all deaths occur due to iron overload in the heart muscle. The chronic iron overload also causes disturbances in endocrine glands, including the pancreas, pituitary, and thyroid systems. Most of these complications progress slowly and appear in the second decade of life. Thalassemia is the most common genetic disease in the world and has a high prevalence in Iran as well. There are approximately 200,000 homozygous patients and close to 3.75 million carriers in Iran. The highest prevalence of the disease has observed along the margin of the Caspian Sea and Persian Gulf and the provinces of Mazandaran and Fars ([@b1-epj-08-2620]--[@b7-epj-08-2620]). Khuzestan province and the populated city of Ahvaz are of particular interest because of a variety of factors, including the Arab and Bakhtiari tribes and other ethnic groups present, geographic location along the Persian Gulf, tropical weather close to the equator, communication by land and waterways with different regions and numerous wars in this area. This locality can be considered as a large and diverse pool for observing thalassemia and other hemoglobinopathies ([@b8-epj-08-2620]). The number of patients with major thalassemia in Khuzestan province has been estimated to be 2,500 patients ([@b9-epj-08-2620]).

Primary hypothyroidism is one of the most common side effects seen in patients with thalassemia. Cases of hypothyroidism in patients with major thalassemia in different studies, regardless of incidence, have been reported between 13% and 60%. Prevalence of hypothyroidism in patients with beta thalassemia varied in different studies. The prevalence in Shiraz, Tabriz, and Tehran have been reported, respectively, as 7%, 16%, and 7.7%. However, the prevalence has been reported as 21.6% in Italy ([@b10-epj-08-2620]--[@b13-epj-08-2620]). Increased TSH hormone (thyroid stimulating hormone) with a corresponding decrease in T4, is considered as severe hypothyroidism ([@b1-epj-08-2620], [@b14-epj-08-2620]). Additional deposits of iron overload in patients with thalassemia are the major cause of subclinical hypothyroidism early in the first phase and eventually leads to obvious hypothyroidism, which is followed by symptoms, including poor growth, obesity, constipation, decreased energy, increased sleep time, and delayed sexual maturity, that require immediate treatment with thyroid hormones ([@b4-epj-08-2620]). Multiple and contradictory results have been reported for the effects of iron overload on thyroid gland functioning and results vary from normal to abnormal ([@b15-epj-08-2620]--[@b17-epj-08-2620]). Thalassemia has a profound impact on the endocrine system function, especially the thyroid and can be studied through its genetic basis and the influence of genetic polymorphisms. Due to the current research contradictions and the high prevalence of thalassemia, regional study of the mechanism of the disease in patients appears to be essential. As a study on this topic has not been completed in the Khuzestan province, the aim of this study is to evaluate the levels of thyroid hormones and TSH in patients with beta-thalassemia in the city of Ahwaz.

2. Material and Methods
=======================

This case-control study was conducted in Abuzar Hospital in the city of Ahwaz during 2015--2016. The case group included 105 patients with thalassemia that were referred to the treatment center. The control group also consisted of 105 healthy subjects admitted to the same medical center. Before entering the study, possible subjects were checked by researchers and clinicians. Inclusion criteria include the absence of infectious diseases, autoimmune diseases, thyroid and parathyroid glands diseases, acute and chronic gastrointestinal diseases, and that any vaccine or surgery was completed over a month before the test. Obviously, the inclusion criteria originated in the review process. In this study, groups were matched for sex and age and analysis was carried out through the selection of controls appropriate to the case. All subjects were enrolled with informed consent. Blood sampling from the patients was prescribed by a doctor and the required tests were completed after permission from the patients. Recognition and inclusion of patients in the case group was performed based on hemoglobin electrophoresis and all patients were under the medical supervision of a Professor of hematology. None of the patients were receiving sex steroids during the course of the study. Exclusion criteria included a diagnosis of thalassemia minor (mild or moderate), splenectomy, family history of hypothyroidism, thyroid-stimulating drug consumption and the risk of acute diseases, or oncology diseases. From all persons in the case and control groups, fasting blood samples were taken at 8 am for measurement of T3, T4, and TSH. Serum levels of hormones were measured by the Enzyme-Linked Immunosorbent Assay method and with the help of a Stat fax 2100. In order to measure hormone concentrations of T3, T4, and TSH, a kit of Mono Bind was used with a sensitivity 0.12 (ng/ml), 0.4 (μg/dl), and 0.078 (μIU/ml). Data was processed using SPSS 15 (SPSS Inc., Chicago, Illinois, USA) and was analyzed using independent t-test and logistic regression analysis.

3. Results
==========

In this study, the case and control groups were the same with regards to age and gender. Regarding gender, the subjects' distributions were similar in both groups and all studied subjects were in the age range of 15--20 years. For comparison, the average of three variable, T3, T4 and TSH from the two groups of case and control and the two independent sample t-test was used according to the normal distribution of data. Serum level of T3 hormone in the case and control groups showed no significant difference (p\> 0.05). In this study, serum T4 levels were lower in the case group than the control group and the difference was statistically significant (p \<0.05). Serum levels of thyroid stimulating hormone (TSH) were also higher in the treatment group than the control group and the difference was statistically significant (p \<0.05) ([Table 1](#t1-epj-08-2620){ref-type="table"}). Logistic regression analysis shows statistically significant differences in serum levels of T4 (OR: 0.58, with a 95% confidence level and 0.46 to 0.72 of confidence interval) and TSH (OR: 1.57, with a 95% confidence level and 1.22 to 2.01 confidence interval) between the two case and control groups (p \<0.05). Interestingly, serum level of T3 in the case and control groups showed no significant difference (p\> 0.05) ([Table 2](#t2-epj-08-2620){ref-type="table"}).

4. Discussion
=============

In this study, 105 patients with thalassemia major were compared in terms of the thyroid gland functioning with 105 healthy subjects as controls. The serum T4 levels in patients were lower compared to the control group, while the TSH levels were higher. These results indicate obvious hypothyroidism in patients with thalassemia. The logistic regression analysis showed that serum T4 level in the experimental group was 0.58, compared to the control group, and serum TSH level in cases is 1.57 times more than the control group. Despite the high ferritin levels in some studies which showed increased body iron, serum levels of pituitary-thyroid were not changed (17, 20, and 21). While in others reports, the direct relationship between serum ferritin and a decrease of the performance of the pituitary-thyroid axis has been demonstrated ([@b22-epj-08-2620]--[@b24-epj-08-2620]). Evaluation the thyroid function is very important due to its tremendous impact on the body's normal growth in infancy and adolescence, as well as participation in many physiological mechanisms. Consequently, due to this vital function, reduced activity of the gland in patients with thalassemia major can be followed by effects, including reduced growth and mental retardation ([@b16-epj-08-2620]). After gonadal failure, hypothyroidism seems to be the most common endocrine disorder in patients with thalassemia major ([@b25-epj-08-2620]). Studies on the thyroid function of patients with thalassemia major have had different results ([@b16-epj-08-2620]). In the Jain study on 25 patients with thalassemia major, the serum levels of T3, T4, and TSH were reported as lower for T3 and T4 and higher for TSH compared to healthy subjects (control group) ([@b17-epj-08-2620]). In two other studies, hypothyroidism was observed in none of the patients with thalassemia major ([@b20-epj-08-2620], [@b22-epj-08-2620]). These differences in various reports originate from the fact that the prevalence of hypothyroidism varies widely, depending on age, region and type of treatment, which includes the rate of blood collection in a month, chelation therapy, and follow-up intervals of studied patients. The reason for its prevalence involves lack of treatment and poor follow-ups of the disease early in life, which lead to irreversible tissue damage due to excess iron overload ([@b10-epj-08-2620], [@b11-epj-08-2620]).

Iron poisoning of the thyroid gland may be one of the main causes of hypothyroidism. Also, the effects of iron poisoning on other endocrine glands, such as the gonads, may alter thyroid gland function ([@b26-epj-08-2620]). However, comparing serum ferritin levels in patients with hypothyroidism with the control group showed no logical connection between the current level of serum ferritin and thyroid dysfunction. This is probably due to the fact the serum ferritin levels show the iron overload for the last 3 months, while developing endocrine disorders needs long-term exposure to extra iron ([@b11-epj-08-2620], [@b27-epj-08-2620]). Therefore, one can conclude that observations of hypothyroidism among these patients may occur due to a chronic increase of iron and its effect on the thyroid gland, followed by a decline in T3 and T4 levels. In addition to the increased toxicity of iron overload in the body, the hypoxia-induced disorder should also be considered. Previous studies have indicated that blood level of hemoglobin in patients with thalassemia is approximately 7 to 8 grams per deciliter and a high concentration of 2, 3-bisphosphoglycerate and high levels of HbF may lead to tissue hypoxia, which can have a negative effect on thyroid gland function ([@b24-epj-08-2620]). This finding could also explain the reduced activity of the thyroid gland, or in other words, the hypothyroidism in patients with thalassemia major in whom hypoxia is observed as a result of the disease.

5. Conclusions
==============

Hypothyroidism is evident in patients with beta thalassemia major. These findings double the importance of the annual assessment of thyroid function and early diagnosis in patients with beta thalassemia. With regard to the likely effect of iron on this disorder, a blood transfusion program should be prescribed in shorter intervals so that the concentration of blood hemoglobin stays at approximately 11 g per deciliter. Also, desferal should be regularly injected to prevent hemochromatosis in patients with thalassemia major. Therefore, it is suggested that the iron intake would not exceed the amount of 200 g per kg of patient body weight per year to maintain ferritin concentrations at normal levels. While this study was completed at the center of the province, the findings shown here are relevant on a larger scale.
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###### 

Comparison of the average of the three variable T3, T4, and TSH in the case and control groups using two independent samples T-test

  -----------------------------------------------------------------------
  Variable   Group          Mean    p-value   Test result
  ---------- -------------- ------- --------- ---------------------------
  T3         Case Control   1.43\   0.075     no significant difference
                            1.35              

  T4         Case Control   7.23\   0.00      significant difference
                            8.27              

  TSH        Case Control   2.91\   0.00      significant difference
                            1.92              
  -----------------------------------------------------------------------

###### 

Results of the logistic regression test for three variables T3, T4, and TSH in the case and control groups

  Variable   Wald statistic   p-value   Test result                 Exp (B)   B        CI (95%)
  ---------- ---------------- --------- --------------------------- --------- -------- --------------
  T3         3.144            0.076     no significant difference   2.15      0.765    5.011--0.922
  T4         22.85            0.00      significant difference      0.58      −0.544   0.726--0.465
  TSH        12.84            0.00      significant difference      1.57      0.454    2.018--1.228
